Background {#Sec1}
==========

Globally, oral cancer is a huge threat to our health. Approximately 300,400 people were diagnosed and 145,400 died of oral cancer in a year \[[@CR1]\]. Among all types of oral cancer, squamous cell carcinoma (SCC) accounts for more than 95%. Derived from stratified squamous epithelium of the oral mucosa, SCC primarily occurred at the buccal mucosa and tongue \[[@CR2]\]. Tobacco, alcohol use, radiation and human papillary virus infection are implicated as risk factors for SCC \[[@CR3]\].

Tongue squamous cell carcinoma (TSCC) is a special type of oral cancer. Patients may present with non-healing ulcers and pain in the mouth. TSCC usually grows as infiltrative and/or exophytic lesions and presents with local invasion. Dysarthria during the development of the disease implies the invasion of the tumor into the deep muscles. TSCC do not often have distant metastasis, but cervical lymph node relapse may occur in a large percentage of TSCC patients, which usually indicates poor prognosis. Analysis concerning the risk factors for cervical lymph node relapse is thus critical for clarifying the onset and progression of TSCC as well as improving the prognosis of patients. Few studies have been focusing on the clinical and pathological factors related to the prognosis of TSCC \[[@CR4]\]. Yet few reports investigated the pathological features of TSCC.

It was established that tumor cells at the invasive front differed substantially from the central and superficial tumor cells. The invasive front of tumor often indicated the aggressiveness of TSCC \[[@CR5]\]. In addition, the depth of invasion may also reflect the progression of tumor. Moreover, it was reported in esophageal tumors that the invasive front acted as predictive factors for metastasis and prognosis \[[@CR6]\]. In this cohort study, using both univariate and multivariate analyses, we focused on the predictive value of the pathological features on cervical lymph node relapse and TSCC prognosis.

Methods {#Sec2}
=======

Subjects {#Sec3}
--------

Subjects involved in this study were recruited from the outpatient clinic at Shanghai Jiao Tong University School of Medicine. All patients were pathologically confirmed as TSCC by having biopsy before surgery and then staged as T~1--2~ with no cervical lymph node relapse (N~0~). The TNM stage was evaluated by the clinical check and with the help of CT and B-ultrasound. TSCC samples were collected following tumor resection. No radiotherapy or chemotherapy had been performed before the collection of tumor samples. Baseline information including gender, age, pathological features of tumor, location of tumor (anterior, middle and posterior), habits of alcohol consumption and smoking, and treatment (neck dissection vs. observation) was documented. Pathological features of TSCC samples included the growth pattern of the invasive front (crumb vs. trabes), depth of invasion (\< 4 mm vs. ≥4 mm), grade of pathological differentiation (well vs. Moderate/poor), and neurovascular invasion (yes vs. no). The growth pattern of the invasive front was determined by the pathologists at the hospital according to Rivera et al. \[[@CR7]\]. This study was performed following the protocols approved by the Ethical Committee of Shanghai Jiao Tong University School of Medicine. An informed consent was signed by all participants in this clinical study.

Therapy {#Sec4}
-------

Patients enrolled in the current study were randomly divided into neck dissection group and observation group. An elective supraomohyoid neck dissection was performed for patients in the neck dissection group. In cases with TSCC recurrence and cervical lymph node relapse during the follow-up, a corresponding therapy was applied to patients according to their condition. Radical resection, chemotherapy and radiotherapy might be included.

Follow-up {#Sec5}
---------

The maximum follow-up duration was 60 months. During the follow-up period, patients were examined for tumor recurrence and cervical lymph node relapse every 3 months during the first 24 months, then every 6 months for the following 36 months. Examination included clinical inspection and CT or MRI. All nodal relapse patients were pathologically proven by surgical pathology.

Data analysis {#Sec6}
-------------

In this study, we focused on the association between the clinicopathological features of TSCC and patient prognosis (disease free survival), in addition to collecting both the Disease specific survival (DSS) and the Disease free survival (DFS). Univariate analysis was performed with Chi-square test for cervical lymph node relapse and Kaplan-Meier survival analysis and log rank *P* value for patient prognosis; multivariate analysis was performed with Cox regression. Variations including gender, age, pathological features of tumor, location of tumor, habits of drinking and smoking, and treatment were involved in the growth pattern. Odd ratio (OR), hazard ratio (HR) and their corresponding 95% confidence interval (CI) were calculated to measure the association. SPSS software, version 17.0 (SPSS, Chicago, IL) was used for the analysis, with *P* \<  0.05 being significant.

Results {#Sec7}
=======

Characteristics of subjects {#Sec8}
---------------------------

This is a cohort study concerning the association between clinicopathological features of tumor and TSCC prognosis. A total of 141 TSCC patients (75 males and 66 females) were enrolled in this study. The average age of patients was 55 years. Majority of tumors (*n* = 103) were located in the middle part of the tongue. Sixty patients were at T1 stage and 81 at T2. Neck dissection was performed in 69 patients, while 72 patients were categorized in the observation group. Concerning pathological features of TSCC, samples were categorized into crumb (islet-infiltrating cells with wide margins of invasion) and trabes (thin infiltrating cords), as presented in Fig. [1](#Fig1){ref-type="fig"}. Seventy nine patients had an invasive front in the crumb pattern, while 62 in the trabes pattern. Ninety eight patients had a depth of invasion greater than 4 mm. Neurovascular invasion was observed in 18 patients and only 48 patients have well differentiated tumors. Furthermore, 59 patients had the habit of smoking and 52 had the habit of drinking. The cervical lymph node relapse was observed in 36 patients. The average follow-up duration was 37 months. The results were summarized in Table [1](#Tab1){ref-type="table"}. Patients with cervical lymph node relapse showed significantly altered pathological features including growth pattern of invasive front, depth of invasion, grade of pathological differentiation, and neurovascular invasion (*P* \<  0.05). Moreover, location of the tumor, T stage, habit of drinking and smoking influenced the metastasis of TSCC (*P* \<  0.05). However, patients with and without neck dissection had similar risk of cervical lymph node relapse (*P* = 0.191).Fig. 1Different pathological features of TSCC, crumb (islet-infiltrating cells with wide fronts of invasion) and trabes (thin infiltrating cords). **a** represents that the growth pattern of the invasion front invades the surrounding tissue like a rope, indicating a poor prognosis. **b** represents that the growth pattern of the invasion front advances like a clump forward, indicating a better prognosis relative to **a**Table 1Baseline characteristics of the included tongue squamous cell carcinoma patientsItemsCases (*n* = 141)Metastases (+)Metastases (−)*P* value^\*^Gender Male7524510.061 Female661254Age (years old)  \<  555914450.678  ≥ 55822260Growth mode of invasive front Crumb79871\<  0.001 Trabes622834Depth of invasion  \<  4 mm43142\<  0.001  ≥ 4 mm983563Pathological differentiation Well487410.032 Moderate/poor932964Neurovascular invasion Yes18117\<  0.001 No1232598Location Anterior141130.053 Middle1032578 Back241014T stage T1608520.004 T2812853Smoking Yes5921380.02 No821567Drinking Yes5221310.002 No891574Treatment Neck dissection6921480.191Observation721557*P*^\*^: chi-square test

Clinical features and lymph node relapse {#Sec9}
----------------------------------------

Subsequently, we investigated the association between clinicopathological features and cervical lymph node relapse with OR and corresponding 95% CI. As illustrated in Table [2](#Tab2){ref-type="table"}, trabes growth pattern was related to a higher risk of lymph node relapse (OR = 7.31, 95%CI: 3.01--17.72). Depth of invasion larger than 4 mm, pattern of invasive front, poor pathological differentiation and neurovascular invasion were all considered as risk factors for cervical lymph node relapse (OR = 23.33, OR = 2.65, OR = 6.16). Furthermore, TSCC in the posterior region of the tongue indicated a high risk of metastasis as well (OR = 9.29, 95%CI: 1.04--82.96). Moreover, Bad living habits including smoking and drinking increased the risk of cervical lymph node relapse (OR = 2.47, OR = 3.34). Neck dissection did not significantly reduce the risk of metastasis (OR = 1.66, 95%CI: 0.77--3.58).Table 2Univariate and multivariate analyses about parameters relevant to lymph node relapseItemsAll patients (n)With lymph node relapseWithout lymph node relapseUnivariate analysisMulti-variate analysisOR (95%CI)*P* value\*OR (95%CI)*P* value\#Gender Male752451ReferenceReference Female6612540.47 (0.21--1.04)0.0630.64 (0.15--2.69)0.541Age (years old) \<  55591445ReferenceReference ≥ 558222601.18 (0.54--2.56)0.6771.23 (0.45--3.34)0.683Growth mode of invasive front Crumb79871ReferenceReference Trabes6228347.31 (3.01--17.72)**0.001**5.03 (1.52--16.68)**0.008**Depth of invasion \<  4 mm43142ReferenceReference ≥ 4 mm98356323.33 (3.08--176.91)**0.002**12.23 (1.31--113.90)**0.028**Pathological differentiation Well48741ReferenceReference Moderate/poor9329642.65 (1.06--6.62)**0.036**0.76 (0.22--2.62)0.667Neurovascular invasion No1232598ReferenceReference Yes181176.16 (2.17--17.51)**0.001**2.20 (0.61--7.97)0.232Location Anterior14113ReferenceReference Middle10325784.17 (0.52--33.46)0.1795.05 (0.52--49.44)0.164 Back2410149.29 (1.04--82.96)**0.046**5.74 (0.50--66.52)0.162T stage T160852ReferenceReference T28128533.43 (1.43--8.23)**0.006**1.42 (0.46--4.35)0.543Smoking No821567ReferenceReference Yes5921382.47 (1.14--5.35)**0.022**0.05 (0.00--2.00)0.11Drinking No891574ReferenceReference Yes5221313.34 (1.53--7.32)**0.003**33.62 (0.97--1169.50)0.052Treatment Observation721557ReferenceReference Neck dissection6921481.66 (0.77--3.58)0.1931.15 (0.41--3.26)0.794*OR* odds ratio, *CI* confidence interval; *P*\*: uni-variate regression analysis; *P*\#: multi-variate regression analysis. Note: entries in boldface means: *P* \< 0.05

However, in multivariate analysis, only growth pattern of invasive front and depth of invasion were observed to have significant effects on the status of cervical lymph node relapse. Patients with trabes growth pattern in the invasive front and depth of invasion larger than 4 mm had a higher risk of metastasis (OR = 5.03, 95%CI: 1.52--16.68; OR = 12.23, 95%CI: 1.31--113.90).

Clinical features and TSCC prognosis {#Sec10}
------------------------------------

Considering the effect of clinicopathological features on TSCC prognosis, both univariate and multivariate analyses were performed. In Kaplan-Meier survival analysis, we found that the growth pattern of invasive front, depth of invasion, neurovascular invasion, location of the tumor, T stage, habit of smoking and drinking could significantly influence the prognosis of TSCC patients, as illustrated in Fig. [2](#Fig2){ref-type="fig"} (log rank *P* \<  0.05). The effect was measured with HR and corresponding 95%CI as presented in Table [3](#Tab3){ref-type="table"}. Cervical lymph node relapse also predicted poor prognosis (HR = 72.29, 95%CI: 17.02--307.07). However, according to our results, neck dissection did not help to improve the prognosis of TSCC patients significantly (HR = 1.24, 95%CI: 0.60--2.58, *P* = 0.565).Fig. 2Survival curve for SCC patients with different clinical characteristicTable 3Univariate and multivariate analyses on factors associated with TSCC prognosisItemsNUnivariate analysisMulti-variate analysisHR95%CI*P* value^\*^HR95%CI*P* value^\#^Gender Male75ReferenceReference Female660.540.25--1.160.1160.330.06--1.790.201Age (years old)  \< 5559ReferenceReference  ≥ 55821.740.79--3.820.1683.91.29--11.82**0.016**Growth mode of invasive front Crumb79ReferenceReference Trabes6219.164.56--80.56**\<  0.001**6.31.15--34.43**0.034**Depth of invasion  \< 4 mm43ReferenceReference  ≥ 4 mm9839.041.56--975.46**0.026**237,144.330.00--8.820E+ 1180.926Pathological differentiation Well48ReferenceReference Moderate/poor932.690.94--7.750.0660.9130.20--4.090.905Neurovascular invasion No123ReferenceReference Yes184.041.88--8.69**\<  0.001**0.480.19--1.240.129Location Anterior14ReferenceReference Middle1031.320.31--5.730.7092.510.45--14.030.296 Back243.870.85--17.680.0814.660.62--35.020.135T stage T160ReferenceReference T2813.221.31--7.91**0.011**1.230.35--4.320.752Smoking No82ReferenceReference Yes592.161.03--4.52**0.042**0.000.00--2.917E+ 0780.929Drinking No89ReferenceReference Yes522.821.34--5.91**0.006**2162.960.00--3.651E+ 0850.937Treatment Observation72ReferenceReference Neck dissection691.240.60--2.580.5650.960.40--2.300.922Lymphonodi cervicale No105ReferenceReference Yes3672.2917.02--307.07\<  0.00136.77.68--175.35\<  0.001*HR* hazard ratio, *CI* confidence interval; *P*^\*^: uni-variate regression analysis; *P*^\#^: multi-variate regression analysis. Note: entries in boldface means: *P* \< 0.05

In the multivariate analysis, the effect of clinical features on TSCC prognosis was analyzed with Cox regression. Age elder than 55 and trabes pattern of invasion were considered as predictors of poor prognosis (HR = 3.9, 95%CI: 1.29--11.82; HR = 6.3, 95%CI: 1.15--34.43). Cervical lymph node relapse independent of other variations was also considered as a potent indicator for poor prognosis (HR = 36.7; 95%CI: 7.68--175.35).

According to our results, there was a strong correlation between the trabes growth pattern and DOI as illustrated in Table [4](#Tab4){ref-type="table"}.Table 4Chi-square test analyses on pattern and DOIPatternDOILymph NodeChi-square test\< 4 mm\> = 4 mmOR (95%CI)*P* ValueCrumb3437Relapse(−)2.986 (1.191--7.487)0.017Trabes826Crumb214Relapse(+)11.4 (1.105--117.7)0.013Trabes056Crumb3651Total7.235 (3.117--16.794)\< 0.001Trabes882

Discussion {#Sec11}
==========

The present study investigated the correlation between the clinicopathological features, cervical lymph node relapse and TSCC prognosis. Both univariate and multivariate analyses were performed. In the univariate analysis, trabes growth pattern, depth of invasion larger than 4 mm, pattern of invasive front, poor pathological differentiation and neurovascular invasion were all considered as risk factors for cervical lymph node relapse. TSCC in the posterior tongue region and unfavorable habits of smoking and drinking were related to the higher risk of metastasis. However, in the multivariate analysis, only patients with trabes growth pattern in the invasive front and depth of invasion larger than 4 mm were found to have higher risk of metastasis. Similarly, concerning the prognosis of TSCC patients, in univariate analysis, trabes growth pattern of invasive front, depth of invasion larger than 4 mm, neurovascular invasion, habits of smoking and drinking were associated with poor TSCC prognosis. In multivariate analysis, only elder age and trabes growth pattern of invasive front were considered as predictors of poor prognosis.

As previously reported, the average age of oral cancer was 63 years old \[[@CR8]\]. In addition, elderly males usually suffered a higher risk of TSCC. In the current study, we observed that age was not significantly associated with cervical lymph node relapse both in univariate and multivariate analyses. However, age may serve as a critical predictor for the prognosis of TSCC. Old patients diagnosed at an age elder than 55 had significantly poorer prognosis compared with younger group.

Growth pattern of the tumor, depth of invasion, pathological differentiation and neurovascular invasion all indicated the aggressiveness of the tumor. Here in the univariate analysis, they were all proved to be risk factors for TSCC metastasis. However, some of such factors might be dependent on others. Hence a multivariate analysis was performed to clarify the independent risk factors. In the cox regression analysis, adjusted by gender, age, pathological features of tumor, location of tumor and treatment, trabes type of invasive front and depth of invasion greater than 4 mm were confirmed to be independent predictors of TSCC cervical lymph node relapse.

In the study, the growth pattern of TSCC invasive front was classified as crumb (islet-infiltrating cells with wide fronts of invasion) or trabes (thin infiltrating cords). A third pattern with individual infiltrating cells has also been reported previously in literature \[[@CR7]\]. However, such growth pattern was not observed in our samples. As early as in 1984, Yamamoto et al. presented that oral cavity SCC with cord-like type (i.e. trabes) of invasive front showed a higher risk of metastasis \[[@CR9]\], which is further confirmed with the results shown our research. Concerning the depth of tumor invasion, our results were in accordance with previous studies, which proposed a cut-off value at 5 mm of tumor depth \[[@CR10], [@CR11]\]. Yet according to our results, metastasis was indicated in patients with the depth of invasion larger than 4 mm, in consistence with Ambrosch et al. \[[@CR12]\]. Moreover, an anatomical invasion of tumor deeper than the intrinsic tongue muscles, paralingual and sublingual spaces, and medial and lateral extrinsic tongue muscles, was a potent indicator of cervical lymph node relapse in TSCC \[[@CR13]\]. The effect of neurovascular invasion and histological differentiation on cervical lymph node relapse has been widely investigated in SCC \[[@CR14], [@CR15]\]. In our results, neither neurovascular invasion nor histological differentiation was confirmed as independent predictors of cervical lymph node relapse in TSCC. We also found that cervical lymph node relapse is the most important prognostic factor in SCC with the highest HR value in multivariate analysis.

In the results of the current study, we also observed that neck dissection did not influence the metastasis and prognosis of TSCC. Results were contradictive concerning the effect of neck dissection on TSCC patients. Some suggested that neck dissection significantly reduces the mortality and increases the 5-year disease-free survival \[[@CR16]--[@CR18]\]. Yet some proposed that neck dissection is not necessary until a node is detectable \[[@CR19]\]. Currently, in the treatment of TSCC, an elective neck dissection is suggested only for patients with certain risk factors, as Fakih et al. proposed in their research \[[@CR20]\]. Hence, for patients with risk factors including trabes invasive front and depth of tumor greater than 4 mm, an elective neck dissection is suggested to improve the prognosis of these patients.

Effects of alcohol drinking and smoking on TSCC was also evaluated in this study. Drinking and smoking have been regarded as risk factors for TSCC \[[@CR4]\]. According to our results, in univariate analysis, both smoking and drinking were correlated with cervical lymph node relapse and poor prognosis. However, the effect was not significant in multivariate analysis adjusted by gender, age, pathological features of tumor, location of tumor and treatment. Similarly, in the report of Wildt et al., tobacco smoking, but not alcohol consumption, was observed to have significant influences on the prognosis in the Cox proportional hazards regression analysis, with T-stage, N-stage, clinical stage, tumor size and gender of patients as adjusted variables \[[@CR21]\]. Moreover, it was reported that the alcohol consumption and smoking were related to the location of SCC. Tobacco smoking was correlated with a higher risk of malignancy in the retromolar area and floor of the mouth, while more SCC in the floor of mouth and tongue was observed in patients with habit of drinking \[[@CR22]\]. Yet in our study, we failed to observe a similar result.

Conclusions {#Sec12}
===========

In this cohort study, 141 TSCC patients were enrolled for the analysis of the clinicopathological features, cervical lymph node relapse and TSCC prognosis. In multivariate analysis, we identified the trabes growth pattern in the invasive front and depth of invasion larger than 4 mm as risk factors for cervical lymph node relapse. Concerning TSCC prognosis, only elder age group and trabes growth pattern of invasive front were considered as indicators for poor prognosis. Hence we suggested that preventive therapy for the cervical lymph node relapse, such as elective neck dissection, should be performed on patients with trabes growth pattern in the invasive front and depth of tumor invasion greater than 4 mm.
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